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~ Farmers can make more than 20,000 acres of Cache Valley bottomland pro-
ductive through drainage. 
~ As this land overlies an artesian basin, pumping would provide both irriga-
tion water and drainage. 
~ Drainage can only be accomplished by the coordinated and persistent efforts 
of the people in the interested communities. 
~ More than 25 years of research are behind the recommendations for drainage 
made in this bulletin. You will find the information under the following 
heads: 
Low-lying valley lands an unreclaimed resource, 1 
The problems of drainage are complex, 1 
Studies made of drainage problems in Cache Valley bottomlands, 1 
The direction of ground-water flow has been measured, 2 
Studies show that there is ground-water pressure and upward flow 
of water, 3 
Complete drainage by tile too expensive, 10 
No upward pressure in higher areas in the vicinity of North Logan, 11 
Pumping has twin benefits for drainage and irrigation, 12 
Problem solved through coordinated and persistent effort, 13 
Dr. Willard Gardner is professor of physics. He retires June 30 closing 
a distinguished career as a soil physicist. Dr. O. W. Israelsen is professor of 
irrigation and drainage and a national authority in his field. 
Low-lying valley lands 
an unreclaimed resource 
N ow, slightly more than a hundred years since irrigation was first started 
in the West, many of the low-lying valley 
lands produce only poor quality pasture 
grasses because of waterlogging, salinity, 
and alkali. Other lands now produce only 
light crops of wild hay, and still other 
land areas are almost wholly non-produc-
tive because of the concentration of ex-
cessive quantities of harmful salts. This 
waterlogging is largely a result of irriga-
tion on the higher lands, although rain 
and snow waters aggravate the situation. 
The water not used by the highland crops 
seeps into the lower areas, bringing harm-
ful salts to the surface of the soil. This 
makes crop production difficult both be-
cause of lack of soil aeration and because 
of harmful salts. 
Utah farmers have been slow to reclaim 
such luw-Iying land through drainage. In 
the years since early settlement, larger and 
larger dams have been built to extend the 
land areas that might be irrigated. These 
have intensified the problems of drainage 
and made more and more of the bottom-
lands waterlogged. These lands are a vital 
resource that must be reclaimed if we are 
to increase our productive land. In most 
instances, it will be cheaper to reclaim 
these lands through drainage than to de-
velop additional irrigation water and ex-
tend it to new high lands. 
The problems of 
drainage are complex 
T HE problems of drainage are not sim-ple, and each wet area presents differ-
ent problems. Knowledge concerning the 
causes of waterlogging, the economical 
methods of drainage and reclamation, and 
the prevention of waterlogging of low-
lying irrigated lands is essential to a per-
manent and profitable agriculture in arid 
areas. 
Lowlands in the center of Cache Valley 
are typical of those in other areas of the 
state. Anyone acquainted with or travel-
ing through Cache Valley knows that the 
upland irrigated soils produce much 
greater quantities of vegetation than do 
the soils in the boggy areas in the bottom-
lands ( compare fig. 1 and 2 ) . While 
fine-textured soils predominate in the 
lowlands, these are not the cause of this 
serious lack of fertility. With adequate 
drainage and efficient irrigation, much of 
this low-lying wet land could become as 
productive as the upper lands. 
Typical highly productive farms neat 
Hyde Park under each lof three irrigation 
canals are shown on the cover page. There 
are no boggy lands in the productive area 
covered by this picture, but much of the 
dry land above the upper canal could be 
profitably irrigated with pumped water. 
Water from rain, melting snow, and 
irrigation moves constantly downward in 
the soils of the upland areas, whereas, in 
the bottoms, it moves constantly upward 
from artesian strata. The adverse results v 
of this upward movement of ground 
water on lands near the Logan-Cache Air-
port are shown in fig. 2. Typical views 
of some of the wet lands between Logan 
and Benson are presented in figs. 3 and 
4. Upward flow of ground water is detri-
mental to these lands, and the boggy con-
dition of the soil constitutes a serious 
barrier to successful farming, suppressing 
the healthy development and growth of 
plants that produce abundantly on the 
highlands. 
Studies made of drainage problems 
in Cache Valley bottomlands 
STUDIES of drainage in the Cache Valley bottomlands west and south of Hyde 
Park and in the Benson area have been 
in progress for a number of years ( fig. 
5 ) . These lands overlie an artesian 
ground-water reservoir. The drainage 
problem is complicated by the obscurity 
of the sources of the excess water and 
also by the fact that the flow of water in 
the saturated clay soils is extremely slow 
because of the comparatively fine texture 
and compact structure of these soils. 
Engineers estimate that about 20,000 
acres of Cache Valley lowlands could be 
improved by drainage. If these lands are 
drained by pumping the ground water, 
the water can be used to irrigate the area. 
Open drains or covered tile drains may 
also be used if permeable sand strata can 
be found near the ground surface. How-
ever, water thus removed would have no 
value as an irrigation supply. 
A perspective view of part of the wet 
area, the shallow depth artesion water 
bearing gravel, and the 1930 experimental 
well are shown in fig. 6. 
The feasibility and the advantages of 
pumping ground water for drainage and 
for irrigation depend largely on water-
bearing formations of high £ermeability 
and adequate volume. The logs of 13 
wells on a norfl1-South line through cen-
ters of 3 sections in Tp 12 N, R 1 E, as 
shown in fig. 7, indicate favorable condi-
tions for pumping ground water for 
drainage. In all of the gravel formations 
shown by these wells, the water is under 
pressure which causes upward flow to-
ward the land surface. 
The direction of the ground-water 
flow has been measured Fig. 1. Looking east toward Hyde Park across 
U.S. highway 91 from Logan to the north. The THE method of measuring the direction 
of water flow (whether up or down) J 
in saturated soils having water under the soil at the 20-foot depth causes the 
pressure is illustrated in figs. 8, 9, and water to rise 24 feet to a level 4 feet 
10. Fig. 8 shows an l:lpward hydraulic above the ground surface; the pressure at 
slope and flow. The water pressure 10 the 13-foot depth causes the water to rise 
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wet lands in the middle of this picture west of 
Hyde Park can be drained to real advantage 
14 feet or to a level 1 foot above the 
ground surface, and the pressure at the 
6-foot depth causes a rise of only 4 feet. 
Fig. 9 shows that the water rises to the 
3 
same level in all 3 pipes, which is 2 feet 
below the ground surface and, conse-
quently, that there is no hydraulic slope 
and no vertical flow. Fig. 10 shows a 
downward hydraulic slope and, therefore, 
a downward flow of water. Water poured 
in the short pipe stands four feet above 
ground and causes pressure at the 6-foot 
soil depth. In the 20-foot depth pipe, 
the water stands two feet below ground. 
This illustrates downward flow. These 
three figures, 8, 9, and 10, are presented 
to illustrate conditions, and to clarify the 
problem of drainage of lands over arte-
sian aquifers; they do nor report actual 
field tests. The four figures 11, 12, 13, 
and 14 do show the results of actual field 
tests. 
Studies show that there 
is ground-water pressure 
and upward flow of water 
I N 1926, the authors1 investigated the direction of water flow in the satur-
ated soils overlying the artesian aquifer 
by measuring the pressure head in eight 
horizontal planes below the ground sur-
face. The pressure in the level 5.0 feet 
below the ground surface as shown in fig. 
11, caused the water to rise to a level 2.5 
feet above the ground, whereas, at a level 
40.0 feet below, the pressure forced the 
water to a level 18.0 feet above the 
ground surface. The fact that the pres-
sure was much greater in the clay soils 
near gravel at 40-foot depth than it was 
near the ground surface shows definitely 
that the water was flowing upward 
through these soils. 
The authors found that 16 new artesian 
wells and a large pumped well reduced 
1 Israelsen, O. W. and W. W. McLaughlin. 
Drainage of land overlying a ground-water 
reservoir. Utah Agr. Exp. Sta. Bul. 242. 
1932. 
Fig. 2. ~ Looking southeast across boggy bar-
rens a half mile southeast of airport. These 
badlands can be made into good lands with 
adequate drainage. The net returns to owners 
of good irrigated lands south of Hyde Park is 
more than ten times those from wet lands 
Fig. 3. 't" Looking south and west across the 
branch railroad about two miles from Logan. 
Pumping large volumes of irrigation water 
each year from the artesian aquifer would de-
crease the waste flow from these springs and 
facilitate reclamation and high production 
Fig. 4. Looking south and west over the bogs and across the railroad. 
The public cannot afford to let these wet lands continue as they are 
the upward flow of water in the saturated 
fine-textured soils of this area. 
More recently, they have made other 
measurements of upward ground-water 
flow and of water levels in a deep open 
well. 
In these studies, auger holes were bored 
in September 1952 to depths of 7.5 and 
12.5 feet below the surface at points 1, 
2, 3, and 4 shown on fig. 5. Points 1, 2, 
and 3 were located along the north-south 
highway, two mile west of the Salt Lake 
Meridian, passing through this boggy 
area, and 4 was three miles west in the 
west boundary of section 14 near the old 
railroad. Half-inch pipes closed with 
plugs at the bottom were driven a short 
distance down in the clay and the plugs 
removed, thus permitting the water to 
rise toward an equilibrium. 
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The results of field studies at these 
4 places south and west of Benson pre-
sented in table 1, indicate an upward 
flow from the 12.5-foot soil depth to the 
7.5-foot depth continuously from October 
14, 1952, until October 15, 1953. The 
water pressure head at the 7.5-foot depth, 
shown by the lower irregular curve of 
fig. 12, changed much more than the head 
at the 12.5-foot depth shown by the up-
per smooth curve. These changes at the 
7.5-foot depth are caused by soil sur-
face water changes as a result of rain-
fall, snow melt, and irrigation. 
The average water pressure in satur-
ated soils, at the 12.5-foot depth during 
the 381-day period, was always greater 
than that at the 7.5-foot depth. This pres-
sure caused the water to rise higher in 
the deep pipes, as shown in fig. 12 and 
Table 1. Water level distances in feet below the ground sm·f ace in pipes 12.5 and 7.5 feet 
below the surface as measured during the year October 15, 1952, to October 15, 
1953 
2 3 4 5 6 
Average distance to Average distance to 
Date Days water in the 12.5 ft. water in the 7.5 ft. D i£. col. Upward 
deep holes shallow holes 4 - col. 3 slope 
feet feet feet percent 
1952 
Oct. 14 15 2.49 4.00 1.51 30 
17 18 2.55 4.1 4 1.59 32 
20 21 2.60 4. 17 1.5 7 31 
23 24 2.64 4.27 1.63 33 
27 28 2.72 4.42 1.70 34 
31 32 2.80 4.45 1.65 33 
Nov. 4 36 2.87 4.45 1.58 32 
7 39 2.90 4. 55 1.65 33 
11 43 2.96 4.67 1.71 34 
13 45 2.98 4.67 1.69 34 
15 47 2.93 4.57 1.64 33 
18 50 2.98 4.65 1.67 33 
19 51 2.99 4.63 1.64 33 
22 54 3.05 4.62 1.5 7 31 
26 58 3.05 4.62 1.57 31 
Dec. 1 63 3.10 4.74 1.64 33 
12 74 3.21 4.81 1.60 32 
22 84 
1953 
Jan. 26 119 3.22 4.05 0.83 17 
Feb. 3 127 3.18 4.03 0.85 17 
12 136 3.08 3.92 0.84 17 
26 150 3.13 4.12 0.99 20 
Mar. 10 162 3.15 4. 19 1.04 21 
24 176 3.07 3.99 0.92 18 
Apr. 10 199 3.03 3.69 0.66 13 
30 213 2.80 3.58 0.78 16 
May 11 224 2.84 4.01 1.1 7 23 
22 235 2.76 3.84 1.08 22 
27 240 2.67 3.52 0.85 17 
June 3 247 2.59 3.55 0.96 19 
17 261 2.53 3.35 0.82 16 
30 274 2.61 4.11 1.50 30 
July 15 289 2.58 4.31 1.73 35 
31 305 2.68 4.50 1.82 16 
Aug. 15 320 2.79 4.65 1.86 37 
Sept. 1 337 2.98 4.33 1.35 27 
15 351 3.19 5.28 2.09 42 
30 366 3.40 5.13 1.73 35 
Oct. 15 381 3.68 5.43 1.75 35 
Average of all tests 2.92 4.32 1.40 28 
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Fig. 5. Parts of the waterlogged area showing 
locations of the four sets of pipe for the 
ground-water ' flow studies and also the 1926 
studies 
shown also by comparing columns 3 and 
4 of table 1. Column 5 of table 1, like 
the vertical distance between the two 
lines in fig. 12, on the same dates, shows 
the average of the differences, or the 
loss in hydraulic head between the 12.5-
foot soil depth and the 7.5-foot depth. 
These head losses, divided by the flow 
distance of 5 feet, give the hydraulic 
slopes shown in column 6 of the table. 
The velocity of upward water flow is 
proportional to the slope. For example, 
on June 30, when the slope was 30 per-
cent, the velocity and quantity of up-
ward flow were more than twice the up-
Fig. 6. Perspective view of a part of the Cache 
Valley water-logged area showing the 14-inch 
pump well and the positions of the water-
bearing gravel and compact clay 
Fig. 7. Well logs along a north-south line half a mile west of highway U. S. 91, 
showing depths and thickness of the aquifers 
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Fig. 8. Illustration of the use of small-diameter 
pipe to find the water pressure in saturated 
soils having an upward ground-water flow at 
different distances below the ground surface by 
measuring the distances from ground surface to 
water levels in the pipes 
~ .~----~~------r+------~------~ 
~ I- - - - t-,-;; .... -; - t- ;.~~ 
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Fig. 9. The fact that the ground water stands 
at the same level in each of the three pipes 
indicates no gr.ound-water flow either up or 
down 
8 
Fig. 10. This chart shows a continuous de-
crease in hydraulic head from the 6-foot soil 
depth, and this makes the water flow down-
ward. This leaches and improves saline and 
alkali soils 
ward flow on April 10, when the slope 
was 13 percent. 
The average distance of the water sur-
face in the deep pipes below the ground 
surface was 2.92 feet, whereas in the shal-
low pipes, it was 4.32 feet. On the basis 
of this average difference of 1.40 feet and 
the permeability as measured by the au-
thors in 1932, the upward flow would 
be nearly 3-feet depth of water in a 5-
month period. 
In various places throughout the area, 
surface evaporation and plant transpira-
tion dried the root-zone soil during the 
summer of 1953 to soil depths of from 
2 to 4 feet. 
Artesian water aquifers are closer to 
the ground surface near the airport area 
as shown in fig. 7, and the boggy condi-
tion at the surface is more apparent. The 
water-bearing gravel stratum seems to 
20 
•• '0 --~ 
I ~ 
10 
Fig. 11. The water surface levels in these 
pipes, measured 24 times in 1926, show the 
largest pressure head at 40-foot soil depth and 
the smallest at the 5-foot depth. This indicates 
upward flow which causes deposits of excess 
salts in the root-zone soils and complicates the 
drainage problem 
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Fig. 12. Curves showing average ground-water 
levels for 12.5-foot holes and 7.5 foot holes 
during a 380 day period 
Fig. 13. Curves showing that the ground-water levels in the deep pipe of set 3 
were much higher than the average level for the deep pipes of sets 1, 2, and 4 
)0-
&II 
&II 
II.. 
J 
&II 
~ 
II.. 
cr 
~ 
CD 
o 
z 
~ 
o 
cr 
CI 
~ 
o 
~ 
&II 
CD 
&II 
o 
Z 
C 
I-
et) 
o 
o 
DEEP 
NO 
" 
4 
r=-
1 
2 
3 
I 
PIPE 
3-1-
I---~ 
jooI DEE 
r-NO. 
P PIP S 
1,2,a14 
~t-. 
t-.r-
~ 
-
-
~ 
II) 
~ 
Z ~ ~ 
~ 
40 80 120 
SEPT. 30,18&2 
T I ;:2.- ~ 
f..-- f-c:: OEEP PIP( ~0 . 3 
~ ~ ~ 
-
DEE PIPE$ 
r NO. 1,2,a ~ LE\ AVE AGE IwATE IrL 
i 
~ t-- r--~~ I---
-
I--~ 
............ r--
-~ ::..-~ 
10 ~ 10 G If) G ~ ~ ~-
Ii ..J ..,: 
L ~ U 
C ., 0 
! ~ ~ 
160 200 240 280 320 360 4 00 
TIME IN OAYS 
9 
o n Ii 
I I Til " 
IIJ I 
/~ -I"--r-..... 
II 
"" 
96 
~ 
W 
\AI 
I<-
98 
1\ 
I 1\ 
\ I--/r- r---r--.. 
\AI 
0 
<t 
... 
a: 
~ 100 
0 
\ 1/ 
'" ~ J ~ ~ / 
z 
;:) 
0 102 a: 
~ 
~ 
0 
...I 
~ II . 104 til CD til 
of) ; .......... ~~ of) "I N -.......-. 00 00 00 
-= • 
ell 
5-
- >-
.: 
.: 
..,: Z .. oJ .,: 
.:Z.. 
0 
Z 
~ 106 
tI) 
a 
f .. Q. ~ ~ .. ~ r f ,~ 1 
'-~O 80 120 160 200 240 280 320 360 400 440 480 I 
108 
AUG. 5,1952 
Fig. 14. Curve showing that the distance of water below ground 
surface in an open well at the Experiment Station farm ranged 
from 96 feet in September 1952 to 106 feet in August 1953 
extend only a short distance west of the 
airport. Pumping water from this highly 
permeable stratum would prevent up-
ward flow and permit the water to seep 
downward. This would drain this area 
but might not exercise a major influence 
on the lands 3 to 4 miles to the west. The 
artesian aquifer under and near the east 
side of the airport area is from 50 to 75 
feet below the ground surface, whereas 
the aquifers responsible for the water 
coming from the deep wells further west 
are much deeper, ranging from 100 to 
500 feet below the ground surface. 
The pressure at the 12.5-foot depth at 
test location 3 near Benson (upper curve 
of fig. 13 ) caused the water to rise in the 
test pipe to a level between 1 foot and 
1.3 feet during the first 140 days of the 
study. During the next 240 days, or until 
10 
October 14, 1953, the pressure head level 
was between the ground surface and the 
1-foot depth. 
The average water pressure at the 12.5-
foot depth at the other three test locations 
was significant but less than at location 
3. The pressure measured in three deep 
pipes caused water to rise to elevations 
from 3 to 4 feet below the ground surface 
during 320 days of the test and to eleva-
tions between 4 feet and 4.5 feet during 
the last 40 days of the test ( lower curve 
of fig. 13). 
Complete drainage by 
tile too expensive 
F IELD and laboratory tests have shown 
that to provide adequate drainage of 
land over an artesian basin with dIe, the 
drains must be placed very deep and 
spaced close together. If, for example, 
tile drains were placed 10 feet below the 
gr(!mnd surface, it would be necessary to 
space the lines only 30 feet apart to 
intercept all of the upward ground-water 
flow from the aquifer provided the clay 
soil above the gravel is of uniform tex-
ture, structure, and permeability in its 
entire depth. 2 Such close spacing is pro-
hibitive in cost, and placing the tile 10 
feet in depth would require special ma-
chinery. 
. 2This discussion is based upon fundamental 
physical principles including what is known 
as the Darcy law, which is combined with a 
most important equation known as the equa-
tion of continuity or the law of conservation 
of matter. Utah Agr. Exp. Sta. Bul. 259. 
1935. 
No upward pressure in higher areas 
in the vicinity of North Logan 
IN the North Logan area the ground is 
about 200 feet higher and there are 
no artesian wells. The depths to water in 
a deep open well on the Experiment Sta-
tion farm are presented in fig. 14 for the 
400-day time period ending December 
30, 1953. In this well the water was 
always more than 95 feet below the 
ground surface, and for about one month 
it was more than 105 feet below. Here 
the water in saturated root zone soils al-
ways flows downward and the natural 
drainage is excellent. 
The gravel layer of stratum that pro-
vides water for this North Logan well is 
about 100 feet down and is perhaps a 
Fig. 15. Looking east and south across the Bear River from a hillside north and 
west of Benson. Lands near the river are naturally well-drained and highly 
productive, whereas lands toward the southeast are in urgent need of drainage 
Fig. 16. Looking south from a farm near Benson. Gravity drains like the o ne 
pictured here may be required to supplement drainage by pumping ground water 
continuation of the stratum from which 
the airport flowing wells originate. 
There is, however, a deeper stratum 
somewhere about 150 feet below the sur-
face, in which the pressure head is much 
greater. This probably extends into the 
foothills and is isolated by deep clay from 
the source of the airport shallow wells. 
This deep stratum extends further west 
and constitutes a source of artesian water 
throughout this boggy area. 
Pumping has twin benefits for 
drainage and irrigation 
p UMPING of irrigation water from wells 
in the airport area, and from the 
deeper wells 1ll the area south and west, 
12 
would produce large quantities of irriga-
tion water, and at the same time facilitate 
a general lowering of the water table and 
the conversion of this entire region into 
productive and valuable agricultural 
lands.3 Some of the wet lands in the 
Benson Area that would be improved by 
pumping large volumes of ground water 
are shown in fig. 15. 
Gravity drains, both open ditches and 
covered tile, may be helpful in the land 
areas near Benson where the Bear River 
will facilitate construction of these drains 
to greater depths than in areas near the 
3Israelsen, o. W. Pump ; g gro 
twin benefits. Utah Agr x 
and Home Science 8 (3) : 1 
d ·' er h "lS 
Sta Farm 
1 1 1 1t7 
airport. One of the best open drains (fig. 
16) was constructed in 1952. Already it 
has done much good even though the out-
flow is small-only 10 gallons per 
minute. 
Problem solved through 
coordinated and persistent effort 
THE solution of drainage problems can 
be accomplished by coordinated and 
persistent efforts of the people of the 
communities interested. The effective-
ness of community efforts is influenced 
by the adequacy and the reliability of 
available information concerning drain-
age problems and how to solve them. The 
experimental data presented in this re-
port, together with related information 
in other publications, will be valuable 
aids to those who assume the responsibil-
ity of the design, construction, and main-
tenance of the drainage systems for Cache 
Valley lowlands, and other lands having 
drainage problems similar to those of 
Cache Valley. The success of any com-
munity effort will depend not only on a 
thorough understanding and appreciation 
of the physical and engineering problems 
involved, but also on a reasonable and 
satisfactory definition and adjucation of 
the rights of all landowners and water 
users. 
Looking Forward 
RESEARCH engineers, soil scientists, and economists of the Agricultural 
Experiment Station and of the U. S. Department of Agriculture are 
looking forward to efficient and economical reclamation of the Cache Valley 
lowlands and similar lands in the West. 
The Experiment Station is continuing its studies with the encourage-
ment and assistance of the county commissioners. It will soon publish a 
more complete report on the drainage studies showing the relation of irri-
gation of the higher lands of the valley to the drainage problem; the soil 
and water table conditions, and the drainage needs and methods. The 
administrative and economic problems will be outlined and special attention 
will be given to the relation of benefits to costs of drainage and reclamation. 
Plans are to drill one or more large-diameter test wells and to pump 
ground water for drainage and irrigation for both experimental and practical 
purposes. 
It is important to clarify and emphasize the benefits to the public that 
come from the drainage and reclamation of Cache Valley lowlands and of 
similar lands throughout the state. These benefits are recognized by land-
owners, the chamber of commerce, and by public agencies-notably the 
Cache County Commissioners, the State Engineer, the Utah Water and Power 
Board, and the Soil Conservation Service. 
To all of these agencies the Experiment Station extends its assurance 
of genuine interest and more research concerning drainage and reclamation 
of the low valley lands. 
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